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Abstract

An introduction to the STAR detector and a brief overview of the physics goals of the
experiment are presented.




1 Introduction

The Solenoidal Tracker at RHIC (STAR) is one of two large detector systems con-
structed at the Relativistic Heavy lon Collider (RHIC) at Brookhaven National Lab-
oratory.

There are eighteen articles in this volume that describe the STAR detector. They
are:

STAR Detector Overview (This article)

The STAR Detector Magnet System

The STAR Silicon Vertex Tracker

The STAR Silicon Strip Detector

The STAR Time Projection Chamber

The Readout System for the STAR Time Projection Chamber
The Laser System for the STAR Time Projection Chamber
The STAR TPC Gas System

The Forward Time Projection Chamber in STAR
Identification of Highp,; Particles with the STAR-RICH Detector
The STAR Barrel Electromagnetic Calorimeter

The STAR Endcap Electromagnetic Calorimeter

The STAR Photon Multiplicity Detector

An Overview of the STAR DAQ System

The STAR Trigger

The STAR Level-3 Trigger System

Hardware Controls for the STAR Experiment at RHIC
Integration and Conventional Systems at STAR

STAR was constructed to investigate the behavior of strongly interacting matter
at high energy density and to search for signatures of quark-gluon plasma (QGP)
formation. Key features of the nuclear environment at RHIC are a large number
of produced particles (up to approximately one thousand per unit pseudo-rapidity)
and high momentum patrticles from hard parton-parton scattering. STAR will mea-
sure many observables simultaneously to study signatures of a possible QGP phase
transition and to understand the space-time evolution of the collision process in
ultra-relativistic heavy ion collisions. The goal is to obtain a fundamental under-
standing of the microscopic structure of these hadronic interactions at high energy
densities.

I Presently at lowa State University, Ames, lowa 50011
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Fig. 1. Perspective view of the STAR detector, with a cutaway for viewing inner detector
systems.

2 Detector Overview

In order to accomplish this, STAR was designed primarily for measurements of
hadron production over a large solid angle, featuring detector systems for high pre-
cision tracking, momentum analysis, and particle identification at the center of mass
(c.m.) rapidity. The large acceptance of STAR makes it particularly well suited for
event-by-event characterizations of heavy ion collisions and for the detection of
hadron jets.

The layout of the STAR experiment [1] is shown in Figure 1. A cutaway side view
of the STAR detector as configured for the RHIC 2001 run is displayed in Fig-
ure 2. A room temperature solenoidal magnet[2] with a maximum magnetic field
of 0.5 T provides a uniform magnetic field for charged particle momentum analysis.
Charged particle tracking close to the interaction region is accomplished by a Sil-
icon Vertex Tracker[3] (SVT) consisting of 216 silicon drift detectors (equivalent
to a total of 13 million pixels) arranged in three cylindrical layers at distances of
approximately 7, 11 and 15 cm from the beam axis. In the near future, a 4th layer of
Silicon Drift Detectors[4] (SDD) will be added to the inner tracker. The silicon de-
tectors cover a pseudo-rapidity range |< 1 with complete azimuthal symmetry
(A¢ = 27). Silicon tracking close to the interaction allows precision localization of
the primary interaction vertex and identification of secondary vertices from weak
decays of, for example\, =, andQ2s. A large volume Time Projection Chamber[5]
(TPC) for charged particle tracking and particle identification is located at a radial
distance from 50 to 200 cm from the beam axis. The TPC is 4 meters long and it
covers a pseudo-rapidity rangie; |< 1.8 for tracking with complete azimuthal
symmetry A¢ = 2x) providing the equivalent of 70 million voxels via 136,608



channels of front end electronics[6] (FEE). Both the SVT and TPC contribute to
particle identification using ionization energy loss, with an anticipated combined
energy loss resolution (dE/dxJ @ % (c). The momentum resolution of the SVT
and TPC reach a value 6p/p = 0.02 for a majority of the tracks in the TPC. The
op/p resolution improves as the number of hit points along the track increases and
as the particle’s momentum decreases, as expected.
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Fig. 2. Cutaway side view of the STAR detector as configured in 2001.

To extend the tracking to the forward region, a radial-drift TPC (FTPC)[7] is in-
stalled coverin@.5 <| n |< 4, also with complete azimuthal coverage and sym-
metry. To extend the particle identification in STAR to larger momenta over a small
solid angle for identified single-particle spectra at mid-rapidity, a ring imaging
Cherenkov detector [8] covefsy |< 0.3 andA¢ = 0.117, and a time-of-flight
(TOF) patch covers-1 < n < 0 andA¢ = 0.047 (as shown in Figure 2). About

10 percent of the full-barrel electromagnetic calorimeter[9] (EMC) shown in Fig-
ure 1 was installed for 2001 (see Figure 2). The remaining EMC and an endcap
electromagnetic calorimeter[10] (EEMC) will be installed over the next three years
to obtain an eventual coverage efl < n < 2 andA¢ = 2x. This system will

allow measurement of the transverse energy of events, and trigger on and measure
high transverse momentum photons, electrons, and electromagnetically decaying
hadrons. The EMC'’s include shower-maximum detectors to distinguish high mo-
mentum single photons from photon pairs resulting frorand» meson decays.

The EMC'’s will also provide prompt charged patrticle signals essential to discrim-
inate against pileup tracks in the TPC, arising from other beam crossings falling
within the 40usec drift time of the TPC, which are anticipated to be prevalent at
RHIC pp collisions luminositiess 1032cm=2s71).



3 DAQ and Triggering

The STAR data acquisition system[11] (DAQ) is fast and flexible. It receives data
from multiple detectors and these detectors have a wide range of readout rates. The
event size is of order 200 MB and the events are processed at input rates up to 100
Hz.

The STAR trigger system[12] is a 10 MHz pipelined system which is based on
input from fast detectors to control the event selection for the much slower track-
ing detectors. The trigger system is functionally divided into different layers with

level O being the fastest while level 1 and level 2 are slower but they apply more
sophisticated constraints on the event selection.

STAR has a third level trigger[13] which performs complete online reconstruction
of the events in a dedicated CPU farm. The level 3 trigger can process central Au-
Au collisions at a rate of 50 Hz including simple analysis of physics observables
such as particle momentum and rate of energy loss. The level 3 trigger system
includes an online display so that individual events can be visually inspected in
real time. See Fig. 3 for an end view of an event in the TPC.

Fig. 3. Beam's eye view of a central event in the STAR Time Projection Chamber. This
event was drawn by the STAR level-3 online display.

The fast detectors that provide input to the trigger system are a central trigger bar-
rel (CTB) at| n |< 1 and zero-degree calorimeters (ZDC) located in the forward
direction atd < 2 mrad. (In the future, additional detectors will be used as in-
put to the trigger system.) The CTB surrounds the outer cylinder of the TPC, and



triggers on the flux of charged-particles in the midrapidity region. The ZDCs are
used for determining the energy in neutral particles remaining in the forward di-
rections. Each experiment at RHIC has a complement of ZDC's for triggering and
cross-calibrating the centrality triggering between experiments [14]. Displayed in
Figure 4 is the correlation between the summed ZDC pulse height and that of the
CTB for events with a primary collision vertex successfully reconstructed from
tracks in the TPC. The largest number of events occurs for large ZDC values and
small CTB values (gray region of the plot). From simulations these correspond to
collisions at large impact parameters, which occur most frequently and which char-
acteristically leave a large amount of energy in the forward direction (into the ZDC)
and a small amount of energy and particles sideward (into the CTB). Collisions at
progressively smaller impact parameters occur less frequently and result in less en-
ergy in the forward direction (smaller pulse heights in ZDC) and more energy in
the sideward direction (larger pulse heights in CTB). Thus, the correlation between
the ZDC and CTB is a monotonic function that is used in the experiment to provide
a trigger for centrality of the collision. The ZDC is double-valued since collisions
at either small or large impact parameter can result in a small amount of energy in
the forward ZDC direction.

Zero Degree Calorimeter (arb. units)

1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1

0
0 5000 10000 15000 20000 25000
Central Trigger Barrel (arb. units)

Fig. 4. Correlation between the summed pulse heights from the Zero Degree Calorime-
ters and the Central Trigger Barrel for events with a primary collision vertex successfully
reconstructed from tracks in the Time Projection Chamber.

A minimum bias trigger was obtained by selecting events with a pulse height larger
than that of one neutron in each of the forward ZDC'’s, which corresponds to 95
percent of the geometrical cross section. Triggers corresponding to smaller impact



parameter were implemented by selecting events with less energy in the forward
ZDCs, but with sufficient CTB signal to eliminate the second branch at low CTB
values shown in Figure 4.

4 Physics Overview

The STAR physics program at RHIC can be divided into three main categories: a
study of high density QCD, measurement of the spin structure function of the pro-
ton, and a study of photon and pomeron interactions from electromagnetic fields of
the passing ions at RHIC. RHIC and STAR were built initially to study high den-
sity QCD and to search for the QGP using ultra-relativistic heavy ion collisions.
STAR will also study proton-proton interactions and proton-nucleus interactions
in order to understand the initial parton distribution functions of the incident nu-
clei and for reference data for the heavy ion studies. By studying interactions of
polarized protons at RHIC, STAR will determine the contributions from the prefer-
ential orientation of gluon spins to the overall spin of the proton, and we will map
the flavor-dependence of antiquark polarizations in a polarized proton. Through the
use of ultra-peripheral heavy ion interactions STAR will study photon and pomeron
interactions resulting from the intense electromagnetic fields of the colliding ions
and colorless strong interactions, respectively.

Inclusive p andn distributions of charged particles will be measured in STAR to
investigate the degree of thermalization, contribution of collective flow, possible
effects of disoriented chiral condensates, at lowapd nuclear effects and parton
energy loss at high,pThe p spectra of baryons and anti-baryons at mid-rapidity
help determine the nuclear stopping power, baryon number transport, and estab-
lishes the baryo-chemical potential of the particle-emitting source at mid-rapidity.
Global thermodynamic variables such as entropy, baryon and strangeness chemi-
cal potentials, temperature, energy density, and pressure can be associated with the
multiparticle final state observables of pion multiplicity, net baryon distributions
and strange particle abundance, mean transverse momentum, transverse energy and
particle flow, respectively.

As a consequence of the large particle multiplicities in central collisions and the
large acceptance of STAR, STAR will investigate nonstatistical (dynamical) fluctu-
ations, deviations from global thermodynamic variables, and other significant de-
partures from conventional hadronic physics. Color fluctuations in the early par-
tonic stages of collision may result in significant dynamical variation in the pro-
duced particle spectra. Chiral symmetry restoration and nonequilibrium evolution
of the collision system may produce chirally-disoriented domains in which the
neutral-to-charged ratio of low;pions deviates significantly from its hominal
value.
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Correlations between identical and non-identical pairs of particles will provide in-
formation on the freezeout geometry, the expansion dynamics and possibly the ex-
istence of a QGP. The dependence of the pion-emitting and kaon-emitting source
parameters on the transverse momentum components of the particle pairs, and as a
function of the various types of particle pairs will be measured with high statistics.

The hard scattering component becomes prominent at RHIC energies and is calcu-
lable in perturbative quantum chromodynamics (pQCD). This allows, for the first
time in relativistic heavy ion collisions, the use of high transverse momentum pro-
cesses (such as hard scattering of partons) in the form of higgtsp mini-jets and
single particles to probe the properties of the medium through which they propa-
gate.

In addition to the heavy ion program, STAR will utilize polarized proton-proton
collisions to accumulate detailed information on the contribution of gluons to the
spin of the proton. Recent results from polarized deep-inelastic scattering experi-
ments indicate that the intrinsic spins of all the quarks and antiquarks combined can
only account for a fractions 30 percent) of the overall spin of the nucleon. The
STAR experiment is uniquely suited to measure the contribution due to gluons via
the detection of photon-jet coincidence events,at-pl0 GeV/c. If the quark and
gluon spins together do not account for the nucleon spin, the only remaining source
would be the relative orbital motion of the quarks and gluons. Thus, measurements
of the spin substructure of the proton may lead beyond our current, still rudimentary
understanding of the quark motion inside a nucleon. In addition to probing gluon
polarization, STAR will study W™ production in,/s = 500 GeV polarized proton
collisions to determine the flavor-dependence of antiquark polarization which is
expected to be sensitive to the mechanism for dynamical chiral symmetry breaking
in the proton.

STAR will also study ultra-peripheral collisions, where the nuclei physically miss
each other, but interact via longer ranged forces that couple coherently to the nucle-
ons[15]. The best known example of this is two-photon collisions, studietet e
colliders. Photon-Pomeron interactions will also be studied.

At the time of submission of this article the first physics results from RHIC have
started to emerge. Initial results from STAR have been reported in [16—-22], with the
anticipation of many new physics results to come. In the remainder of this volume,
the STAR detector subsystems will be described in detail in individual articles.
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